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Abstract 

Background  Indeterminate pulmonary nodules (IPNs) are common after surgery for esophageal cancer. The paucity 
of data on postoperative IPNs for esophageal cancer causes a clinical dilemma.

Objective  The aim of this study was to identify the characteristics and clinical significance of IPNs after radical 
esophagectomy for metastatic esophageal cancer, determine the risk factors for pulmonary metastasis, and construct 
a risk score model to standardize the appropriate time to either follow up or treat the patient.

Methods  All consecutive patients with esophageal squamous cell carcinoma (ESCC) who underwent radical surgery 
between 2013 and 2016 were included in this retrospective study. Univariate and multivariate logistic regression 
analyses were performed to identify independent risk factors and develop risk score models.

Results  A total of 816 patients were enrolled in the study. During a median follow-up period of 45 months, IPNs 
were detected in 221 (27.1%) patients, of whom 66 (29.9%) were diagnosed with pulmonary metastases. The follow-
ing five variables maintained prognostic significance after multivariate analyses: the pathologic N category, number 
of IPNs, shape of IPNs, time of detection of IPNs, and size of IPNs. The Pulmonary Metastasis Prediction Model (PMPM) 
scale ranges from 0 to 15 points, and patients with higher scores have a higher probability of pulmonary metastases. 
The Hosmer–Lemeshow test showed a good calibration performance of the clinical prediction model (χ2 = 8.573, 
P = 0.380). After validation, the PMPM scale showed good discrimination with an AUC of 0.939.

Conclusion  A PMPM scale for IPNs in patients who underwent esophagectomy for ESCC may be clinically useful 
for diagnostic and therapeutic decision-making.
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Background
Esophageal cancer is the seventh most prevalent malig-
nancy in humans and the sixth leading cause of tumor-
related death worldwide [1]. Surgical resection remains 
the primary treatment as it offers effective, sustained 
remission and the best chance of cure. However, the 
5-year survival rate in most countries rarely exceeds 40% 
as the postoperative recurrence rate is high [2, 3]. The 
lungs are one of the common sites of metastatic depo-
sition of malignant tumors, which occurs at a rate of 
between 8.6 and 12.1% because they are highly vascular-
ized and have ample lymphatic drainage [4–6].

Owing to benign lesions such as inflammation, tuber-
culosis, and mycobacteria also present as pulmonary 
nodules and are more common, resulting in lung metas-
tases being different from metastases to other organs. 
Early lung metastases may present as single or multiple 
pulmonary nodules that are not easily distinguished from 
the lesions described previously, which causes a manage-
ment dilemma [7]. Mai Hanamiya et al. showed that out 
of 308 patients with extra-pulmonary malignancies, IPNs 
were detected in 233 (75.6%) patients, and 137 of them 
were followed up and only 28 showed malignancy [8].

For postoperative pulmonary metastatic lesions in 
esophageal cancer, early diagnosis and treatment, includ-
ing surgical resection, are essential to improve the 
patient’s prognosis [9–11]. However, current guidelines 
for esophageal cancer, such as the National Comprehen-
sive Cancer Network (NCCN) guidelines, American Joint 
Committee on Cancer (AJCC) guidelines, and the Japa-
nese Classification of Esophageal Cancer, do not address 
the diagnostic approach and risk factors for pulmonary 
metastases of esophageal cancer, and there are no rel-
evant large-scale studies with high levels of evidence 
[12–15]. The current diagnostic procedures for lung 
metastases are still invasive techniques such as percuta-
neous lung puncture or surgical resection; however, these 
techniques are not recommended for patients in the early 
stages of lung metastasis, as these patients may present 
with only a single or multiple nodules on CT, which is 
difficult to pinpoint at this time, making puncture biopsy 
difficult and low in accuracy.

Therefore, we designed this study to collect the clinical 
data of patients with new postoperative pulmonary nod-
ules, investigate the risk factors for pulmonary metasta-
sis, and construct a risk score model to standardize the 
appropriate time to follow up or perform treatments.

Methods
Patients
We retrospectively collected clinical data, radiologic 
data, and follow-up results of patients with esophageal 

squamous cell carcinoma who underwent surgery at the 
Department of Thoracic Medicine, Union Hospital of 
Fujian Medical University, from January 2013 to Decem-
ber 2016. The inclusion criteria for this study were as fol-
lows: (1) patients who underwent radical (R0) resection 
with systemic lymph node dissection, (2) postoperative 
pathological diagnosis of esophageal squamous cell carci-
noma, (3) regular follow-up and ability to provide regular 
radiologic data, and (4) IPNs were detected during post-
operative follow-up. Exclusion criteria for this study were 
as follows: (1) diagnosis of another type of malignancy, 
(2) confirmed extra-pulmonary metastasis, and (3) pres-
ence of a highly suspicious recurrent metastatic lesion 
outside the lung, with or without receiving appropriate 
treatment. We defined pathological staging according to 
the International Union for Cancer Control 8th edition 
staging system for esophageal cancer [13].

Follow‑up evaluation
For asymptomatic patients, each review included a 
complete history-taking, laboratory testing, computed 
tomography (CT) of the neck, chest, and upper abdomen, 
and abdominal and cervical lymph node ultrasound. For 
patients with IPNs on CT, blood sampling, sputum bac-
terial cultures, sputum fungal cultures, as well as other 
tests related to fungal infections and tuberculosis were 
recommended. In cases of diagnostic difficulties, respira-
tory medicine consultation or multidisciplinary consulta-
tion was also necessary. If metastases were considered, 
systemic investigations such as CT, magnetic resonance 
imaging (MRI), and positron emission tomography–
computed tomography (PET-CT), and percutaneous pul-
monary puncture biopsy, and, if necessary, thoracoscopic 
surgical resection, were recommended. If non-metastatic 
lesions were considered, a repeat CT of the lungs is rou-
tinely recommended in 2 or 3 months. The time of detec-
tion of IPNs was defined as the interval between surgery 
and the appearance of IPNs. All postoperative CT and 
other images were reviewed individually by the two 
senior experts. The diagnosis of pulmonary metastases 
included pathology and radiography, which require the 
progressive multiplication and enlargement of IPNs after 
at least two CT reviews and at least 6 months of follow-
up [8, 16].

Clinical features
Data on the following clinical characteristics were col-
lected: age, sex, history of previous pulmonary infec-
tions (tuberculosis, fungal, etc.), tumor location of ESCC, 
surgery approach, the range of lymph node dissection, 
pathologic T category, pathologic N category, and tumor 
differentiation.
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Radiologic characteristic data
Radiologic characteristics included the time of detection 
of IPNs, the number of IPNs, the location of the larg-
est IPN (left lobe or right lobe; upper, middle, or lower), 
the area of the largest IPN (outer 1/3 of the lung, middle 
1/3 of the lung, and inner 1/3 of the lung, depending on 
the distance between the nodule and the lung’s surface), 
the size of the largest IPN, the shape of the largest IPN, 
the calcification of the largest IPN, and the mediastinal 
lymph node enlargement.

Statistical analysis
Baseline patient characteristics were compared using 
the analysis of variance for continuous variables and 
the chi-square test for discrete variables. Univariate 
and multivariate logistic regression analyses were used 
to identify independent predictors of the probability of 
pulmonary metastases. Statistically significant variables 
(P < 0.05) from the multivariate logistic regression analy-
sis were entered into the predicted model. Based on the 
results of the multivariate logistic regression analyses. 
Scores for each variable of the PMPM scale were calcu-
lated based on the regression coefficient values (β values) 
taken as natural numbers. The clinical prediction model 
for pulmonary metastasis of IPNs expresses the prob-
ability of metastasis as a function of the five variables, 
as follows: (1) probability of pulmonary metastasis = eX/
(1 + ex), where e is the base of natural logarithms; 
(2) x =  − 9.623 + (model score of pathologic N cate-
gory) + (model score of number of IPNs) + (model score 
of shape of largest IPN) + (model score of time of detec-
tion of IPNs) + (model score of size of the largest IPN). 
The models were evaluated by the areas under the ROC 
curve. The scores for the different variables were summed 
up to yield a total score for each patient, which could be 
converted to a predicted probability of pulmonary metas-
tasis. All patients were scored according to this PMPM 
scale, with a histogram showing the probability of pulmo-
nary metastasis for each score, and risk-stratified by the 
magnitude of the probability of metastasis.

Results
Characteristics of indeterminate pulmonary nodules
During a median follow-up period of 45 (range, 1–107) 
months, IPNs were detected in 221 (27.1%), of which 
66 (29.9%) were diagnosed with pulmonary metastases. 
Forty patients had metastases confirmed by histopa-
thology, and 26 were diagnosed via radiography during 
follow-up. The clinical and radiologic characteristics of 
the study subjects are presented in Table  1. The mean 
age was 58.17 ± 8.18  years, and males (75.1%) were pre-
dominant. Only 9 (4.1%) patients had a previous history 

of specific lung infections. The most common tumor 
location was the middle thoracic segment in 133 (60.2%), 
followed by the lower thoracic segment in 67 (30.3%), 
and finally, the upper thoracic segment in 21 (9.5%). The 
majority (96.8%) of patients underwent minimally inva-
sive radical esophageal cancer, and 173 (78.3%) patients 
underwent two-field lymph node dissection. A total of 29 
(13.1%) patients received neoadjuvant preoperative treat-
ment, of whom 19 (8.6%) received preoperative neoadju-
vant chemotherapy and 10 (4.5%) received neoadjuvant 
chemoradiotherapy. Postoperative adjuvant chemother-
apy was given to 104 (47.1%) patients, and postopera-
tive adjuvant chemoradiotherapy was given to 19 (8.6%) 
patients. The most common pathological T stage was 
T3 with 104 cases (47.1%), and N0 was the most com-
mon pathological N stage with 119 cases (53.8%). The 
mean time of detection of IPN was 22.86 ± 16.89 months 
and 11.44 ± 13.13  months in the pulmonary metastasis 
group and non-pulmonary metastasis group, respec-
tively. At least three nodules (multiple IPNs) were found 
in 90 of 221 patients. Metastatic lesions presented pre-
dominately (60 cases, 90.1%) as solid nodules, while in 
non-metastatic lesions, ground-glass or partially ground-
glass was prevalent (97 cases, 62.3%). The most common 
site of the largest IPN was the right upper lobe (77 cases, 
34.8%), followed by the right lower lobe (47 cases, 21.3%), 
left upper lobe (42 cases, 19.0%), and left lower lobe (36 
cases, 16.3%), and the least common was the right mid-
dle lung (19 cases, 8.6%). The majority of nodules in the 
metastatic group (63.6%) were found in the outer 1/3 of 
the lung field. Calcification occurred in 27 (12.2%) non-
metastatic nodules, and no malignant nodules were pre-
sent. Almost all (97.0%) metastatic nodules were round 
or round-like in shape while 39.4% of non-metastatic 
nodules had irregular shapes. On lung CT examination, 
enlarged mediastinal lymph nodes were found in a total 
of 32 patients, 25 in the metastatic group and 7 in the 
non-metastatic group.

Univariate and multivariate analyses
Univariate and multivariate analyses of potential predic-
tors of IPNs are summarized in Table 2. The pathologic 
N category, size of the largest IPN, time of detection 
of IPNs, number of IPNs, shape of the largest IPN, and 
mediastinal lymph node enlargement and density of the 
largest IPN were associated with the malignant nature of 
SPL. However, only the pathologic N category, size of the 
largest IPN, time of detection of IPNs, number of IPNs, 
and shape of the largest IPN remained as independent 
indicators of pulmonary metastasis after the multivari-
ate regression analysis (Table 3). The Hosmer–Lemeshow 
test showed a good calibration performance (χ2 = 8.573, 
P = 0.380).
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Table 1  Clinical characteristics and radiologic characteristics of the 221 patients with IPNs after esophagectomy

Variable Total
n = 221

PM
n = 66

Non-PM
N = 155

p value

Age(years) 58.17 ± 8.18 58.76 ± 8.22 57.92 ± 8.18 0.992

Sex 0.628

  Male 166 51 115

  Female 55 15 40

History of previous lung infections 0.546

  Yes 9 4 5

  No 212 62 150

Tumor location of ESCC 0.018

  Upper 1/3 21 5 16

  Middle 1/3 133 49 84

  Lower 1/3 67 12 55

Pathologic T category 0.413

  1 55 14 41

  2 50 12 38

  3 104 35 69

  4 12 5 7

Pathologic N category  < 0.001

  0 119 16 103

  1 52 20 32

  2 18 12 10

  3 32 18 10

Tumor differentiation 0.051

  Well(G1) 80 17 63

  Moderate(G2) 114 37 77

  Poor(G3) 27 12 15

The range of lymph node dissection 0.405

  Mediastinal + abdominal 173 54 119

  Mediastinal + abdominal cervical 48 12 36

Surgery approach 0.731

  VATS 214 63 151

  Open surgery 7 3 4

Neoadjuvant therapy 0.201

  None 192 57 135

  Chemotherapy 19 8 11

  Chemoradiotherapy 10 1 9

Postoperative therapy  < 0.001

  None 98 14 84

  Chemotherapy 104 41 63

  Chemoradiotherapy 19 11 8

Location of the largest IPN 0.923

  Right upper lobe of the lung 77 22 55

  Right middle lobe of the lung 19 6 13

  Right lower lobe of the lung 47 16 31

  Left upper lobe of the lung 36 9 27

  Left lower lobe of the lung 42 13 29

Time of detection of IPNs ( year) 14.85 ± 15.25 22.86 ± 16.89 11.44 ± 13.13  < 0.001

   ≤ 1 131 22 109

   > 1, ≤ 2 42 16 26

   > 2 48 28 20
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Pulmonary Metastasis Prediction Model score
A Pulmonary Metastasis Prediction Model score was 
established according to β regression coefficients esti-
mated from the logistic regression model (Tables 3 and 
4). The score ranges from 0 to 15 points, and patients 
with higher scores have a higher probability of pul-
monary metastasis. The C-index of the diagnostic 
model was 0.973. According to ROC analysis, the score 
showed good discrimination with an AUC of 0.946 
(Fig. 1). The observed results were consistent with the 
predicted outcomes based on the calibration curve 
(Fig.  2). A histogram (Fig.  3) showing a visual inspec-
tion of the probability of pulmonary metastasis for 
each score and the probability of pulmonary metastasis 
based on the Pulmonary Metastasis Prediction scale is 
shown in Table  5. The risk of pulmonary metastasis is 
very low (0.8%) at scores 0–6, while it rises (25.7%) at 
scores 7–9 and has a high probability (91.8%) of being a 
pulmonary metastasis at scores 10–15.

Discussion
The presence of distant organ metastases is a poor prog-
nostic factor for most malignancies; however, the natural 
course of this process varies from cancer to cancer [17]. 
Depending on the origin, cell subtype, and tissue affinity 
of the tumor, metastases may appear rapidly in multiple 
organs or in specific organs after a long latency period 
[10, 18–20]. The fact that the lungs are rich in blood ves-
sels and lymphatic vessels makes them a common site for 
hematogenous metastasis [4, 5, 10]. The rate of pulmo-
nary metastases is high; so, close monitoring of pulmo-
nary metastases and their diagnosis and treatment at an 
early stage of the disease, especially the early treatment of 
resectable pulmonary metastases, is crucial and can sig-
nificantly improve their survival rates [21, 22].

Pulmonary metastases may only present as single or 
multiple pulmonary nodules that are difficult to distin-
guish from non-metastatic lesions in the early stages, and 
the high incidence of non-metastatic lesions in the lung 

Table 1  (continued)

Variable Total
n = 221

PM
n = 66

Non-PM
N = 155

p value

Number of IPNs  < 0.001

   < 3 131 5 126

   ≥ 3 90 61 29

Size of the largest IPN (mm)  < 0.001

   ≤ 5 72 1 71

   > 5, ≤ 10 86 21 65

   > 10, ≤ 30 58 40 18

   > 30 5 4 1

Density of the largest IPN  < 0.001

  Solid nodules 118 60 58

  Ground glass nodules or mixed ground glass 
nodules

103 6 97

Shape of the largest IPN  < 0.001

  Round or round-like 158 64 94

  Others 63 2 61

Area of the largest IPN 0.342

  Inner 1/3 29 10 19

  Middle 1/3 90 22 68

  Outer 1/3 102 34 68

Calcification of the largest IPN  < 0.001

  Yes 27 0 27

  No 194 66 128

Mediastinal lymph nodes enlargement  < 0.001

  No 189 41 148

  Yes 32 25 7

IPN indeterminate pulmonary nodule, ESCC esophageal squamous cell carcinoma, VATS video-assisted thoracoscopic surgery
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further increases the difficulty of the early diagnosis of 
pulmonary metastases [8]. The current diagnostic stand-
ard for the postoperative pulmonary metastasis of esoph-
ageal cancer is still biopsy with histopathology; however, 
it is not suitable for the detection and diagnosis of early 
lesions due to its invasive nature and low accuracy in the 
early stages [23, 24]. Only a few studies have suggested 
risk factors for pulmonary metastasis after esophageal 
cancer surgery [25, 26]; however, guidelines such as those 
of the NCCN and AJCC and large-scale studies with high 

Table 2  Univariable analysis and multivariate regression analysis 
of the 221 patients with IPNs after esophagectomy

IPN indeterminate pulmonary nodule

Multivariable analysis

Variable Univariable 
Analysis P

Hazard ratio p

Pathologic N category  < 0.001 0.010

  0 Reference

  1 2.542

  2 6.805

  3 25.118

Number of IPNs  < 0.001  < 0.001

   < 3 Reference

   ≥ 3 27.180

Shape of the largest IPN  < 0.001 0.008

  Round or round-like 8.949

  Others Reference

Time of detection of IPNs(year)  < 0.001 0.041

   < 1 Reference

  1–2 4.088

   > 2 4.388

Size of the largest IPN  < 0.001 0.003

   < 5 mm Reference

  5–10 mm 22.397

  10–30 mm 59.608

   > 30 mm 302.156

Mediastinal lymph node enlarge-
ment

 < 0.001 0.644 0.586

Density of the largest IPN  < 0.001 1.975 0.336

Age 0.487

Gender 0.628

History of lung infection 0.337

Surgery approach 0.451

The range of lymph node dis-
section

0.406

Pathologic T category 0.422

Tumor differentiation 0.056

Location of the largest IPN 0.924

Area of the largest IPN 0.345

Calcification of the largest IPN 0.998

Table 3  Multivariate regression analysis for the Pulmonary 
Metastasis Prediction Model

IPN indeterminate pulmonary nodule

Multivariable analysis

Variable β value p

Pathologic N category 0.010

  0 Reference

  1 0.992

  2 1.831

  3 3.196

Number of IPNs  < 0.001

   < 3 Reference

   ≥ 3 3.317

Shape of the largest IPN 0.008

  Round or round-like 2.355

  Others Reference

Time of detection of IPNs(year) 0.041

   < 1 Reference

  1–2 1.476

   > 2 1.659

Size of the largest IPN 0.003

   < 5 mm Reference

  5–10 mm 3.274

  10–30 mm 4.482

   > 30 mm 6.341

Table 4  Pulmonary Metastasis Prediction Model scale for 
patients with IPNs after radical esophagectomy

Predictive marker Model points

Pathologic N category
  0 0

  1 1

  2 2

  3 3

Number of IPNs
   < 3 0

   ≥ 3 3

Shape of the largest IPN
  Round or round-like 2

  Others 0

Time of detection of IPNs (years)
   < 1 0

  1–2 1

   > 2 2

Size of the largest IPN (mm)
   < 5 0

  5–10 3

  10–30 4

   > 30 6
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Fig. 1  ROC curve of the Pulmonary Metastasis Prediction Model scale

Fig. 2  The calibration curve of the Pulmonary Metastasis Prediction Model scale
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levels of evidence do not suggest how to determine and 
manage pulmonary nodules after esophageal cancer sur-
gery [12, 13]. To enhance our understanding of the clini-
cal impact of the pulmonary metastasis of esophageal 
cancer, we analyzed the clinical characteristics and pat-
terns of 221 patients with lung metastases from esopha-
geal cancer and expected to build a predictive model 
based on them that could help guide clinical decision-
making. To the best of our knowledge, this is the largest 
study on esophageal cancer with lung metastasis.

The relevant literature indicates that in extra-pulmo-
nary malignancies, depending on the primary tumor 
and the type of pathology, approximately 30–70% of 
patients present with unidentified pulmonary nodules, 
and of these unidentified pulmonary nodules, approxi-
mately 30% are diagnosed as metastatic lesions [8, 27]. In 
the present study, the incidence of IPNs was 27.1%, and 
29.9% of patients with IPNs were diagnosed with pulmo-
nary metastasis during follow-up. The typical radiological 
findings of pulmonary metastases include one or more 
round nodules of variable sizes located in the periphery 
[28, 29]. Also, in our study, we found that almost all pul-
monary metastatic nodules from esophageal squamous 
carcinoma fit the above description and appeared as 
round or round-like, solid lesions without calcifications 
on CT.

Pulmonary metastasis, as the most common site of 
metastasis after surgery for esophageal squamous car-
cinoma, significantly affects the prognosis and quality 

of life of patients. However, pulmonary metastases are 
different from other organ metastases, and new IPNs 
that appear after surgery are not necessarily metastatic 
lesions; instead, non-metastatic lesions are the major-
ity, accounting for approximately 70%. Moreover, biopsy 
with histopathology is still the gold standard for pulmo-
nary metastases, and samples for histopathology were 
obtained mainly via percutaneous lung aspiration biopsy 
or thoracoscopic resection biopsy, and thoracoscopic 
biopsy is less commonly used clinically because of its 
high invasiveness. However, in our study, there were only 
102 (46.2%) postoperative IPNs located in the outer 1/3 
of the lung field. Puncture of pulmonary nodules in the 
middle and inner 1/3 of the lung field is more difficult 
and associated with significantly more puncture-related 
complications [23]. Also, diagnostic thoracoscopic par-
tial lung resection is not usually recommended for pul-
monary nodules in the middle and inner 1/3 of the lung 
field due to the large extent of resection. At this time, 
the diagnosis of new unidentified lesions in the lung is 
mainly based on the clinician’s experience; so, it is more 
common to miss and misdiagnose lung metastases.

There are only a few studies in the literature on risk 
factors for postoperative pulmonary metastasis in squa-
mous esophageal cancer. Ai et al. showed that squamous 
cell carcinoma was a risk factor for the postoperative 
pulmonary metastasis of esophageal cancer while gen-
eral characteristics such as age and gender and clini-
cal characteristics such as the pathological T stage and 
pathological N stage were not significantly associated 
with non-metastasis [26]. In our study, the results of a 
multivariate analysis showed that the pathologic N cat-
egory, number of IPNs, shape of the largest IPN, time of 
detection of IPNs, and size of the largest IPN were inde-
pendent risk factors for the pulmonary metastasis of 
esophageal cancer. We constructed a non-invasive diag-
nostic criteria model (PMPM scale) for postoperative 

Fig. 3  Distribution of 221 new patients with IPNs based on the Pulmonary Metastasis Prediction Model scale

Table 5  Probability of pulmonary metastasis based on the 
Pulmonary Metastasis Prediction Model scale in 221 patients 
with IPNs

Total score 0–6 7–9 10–15

Pulmonary metastases rate 0.8% 25.7% 91.8%
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IPNs in esophageal cancer based on multivariate analysis 
results. After validated, the PMPM scale showed good 
discrimination with an AUC of 0.939. When patients 
with IPN nodules are scored 1–6 by the PMPM scale, 
there is a low likelihood of pulmonary metastases and 
observation is recommended. When the score is 7–9, 
there is a 25.7% chance of pulmonary metastases and 
further examination or increased follow-up is recom-
mended. When scored 10–15, there is a high probability 
of metastatic lesions and positive clinical intervention is 
recommended for diagnosis and further treatment.

To the best of our knowledge, this is the first study to 
propose a model for the diagnosis of IPNs after esopha-
geal cancer surgery. We hope that this model will be fur-
ther refined in the future to aid clinical decision-making. 
The primary limitations of this study include its retro-
spective, single-center design and the absence of exter-
nal validation. The findings will need to be confirmed in 
future multi-center, larger-scale, and prospective stud-
ies. In summary, we established and validated a clinical 
model that accurately identifies pulmonary metastasis 
from IPNs after esophagectomy.
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